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>) Sixty years ago, 
bled into a great 


mystery: Working at Caltech, 
‘Maarten Schmidt was busily 
studying the spectra of vari 
‘ous radio sources scattered 
across the sky. In 1963, he 
‘employed the largest telescope 
fn the world atthe time, the 
Sm Hale Telescope at Palomar 
Mountain Observatory, to 
capture an image of a visible 
counterpart toone of is cari 
‘us radio sources, Itwas iden 
tified as 3C 273 in the 
constellation Virgo, the 
nomenclature relatingitto the 
Third Cambridge Catalog of 
Radio Sources 

‘Soon Schmidt realized the 
puzzlement of his discovery. This very energetic radio source was 
extremely distant — some 2.4 billion light-years away — but very 

loud” in energy output. How could this be? Something strange was 
going on, Hecategorized 3C273 and similar discoveries like 3C48 
and others as quasi-stellar objects, or quasars for short. 

‘This month, onthe anniversary of that discovery, Contributing 
Editor Rich Talcott gives us the Full story of quasars on page 16. As 
years passed from the initial discovery into the 1980s, the mystery 
of distant, energetic abjects deepened, Other types of high-energy 
objects came to the fore. There were BL Lacertae objects, Seyfert 
galaxies, and other types of objects that astronomers placed in the 

'astroncmical 200. 

Long story short it finally became clear that these weird, high 
energy denizensall represented objects with powerful centralblack 
holes. Rich provides all the details, and in a companion story on 
page 24, describeshow you can observe 3C273, the brightest quasar 
inthe sky, for yourself. Enjoy. 


Yours truly, 


Care 


David J.icher 
Editor 
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For more information 
and to plan your 
eclipse weekend 

in Evansville visit 
evansvilleeclipse2024.com 
or call 812-421-2200. 


ONE OF THE BEST PLACES TO 
WATCH THE TOTAL SOLAR ECLIPSE 


Evansville, IN is in the path of totality and has great things planned to celebrate 


On AprilB, 2024, atotal solar eclipse is 
‘coming! One of the best places to observe 
this natural phenomenon is Evansville, IN. 
This charming city, located ona scenic 
bend of the Ohio riverfront, has a 
small-town vibe with big-time energy, 
making tthe perfect host for this historic 
astronomical event. 

Evansville isa great place to visit any time 
ita everything you want in a vacation: 
historical sites, world-class dining, posh 
hotels, and abundant shopping. The 
eclipse will bean especially opportune 
time to take a trip. The city has many 
great things planned. The University of 
Southern Indiana is hosting Solarpaloaza, 


a free, multi-day event beginning Sunday, 
April7th, witha speech from retired 
NASA astronaut Joan Higginbotham, 
followed by a day of experiential learning, 
The university's 1,400 acres will allow for 
unobstructed sky views during the 
eclipse, which willlast three minutes 
around 2:02 p.m. 

Another way to experience the eclipses 
at Angel Mounds State Historie Site, which 
Is one of the best-preserved Native 
‘American sitesin North America. During 
your eclipse experience, connect with the 
ancient wisdom of the stars while museum 
‘experts guide you through the cosmic and 
historical alignments ofthe ste, 


While in town for thishistoricevent, take 
the opportunity to discover the heartbeat 
of the city, Explore Evansville and enjoy 
fine shopping, eclectic restaurants, @ 
range of accommodations (including some 
Inmore ruralsettings), ive music festivals, 
anda happening nightfe scene. 


Share the WONDER, 


share the EXCITEMENT, and be part 
of something truly EXTRAORDINARY. 


LET'S LOOK TOGETHER. Plano, Texas is on the path of 
totality for the total solar eclipse on April 8, 2024. 


Planyourtripatvisitplanocom, Visit glano 
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attractions, accommodations and adventures. 

Orlando 

We carefully choose the best eclipse viewing locations, Our knowledgeable 
astronomers and friendly guides will ensure you have a fun, educational Houston 
and relaxing time on this allinclusive trip. Dallas 


For more information or to book yolir tour) Wil pan eona) 
visit www.eclipsetraveler.com Mexico City 
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RYTHING YOU NEED TO KNOW ABOUT THE UNIVERSE THIS MONTH 


A TANTRUM OF TWINS’ 


Webb Space appears asa 
JWST) has cast its cold dust. JWST 

gaze upon Herbig-Haro 46/47, can reveal fine, wispy details in 

‘which lies 1400 li hese dense clouds from which 

away in Vela, T tars condense, usm 

refers to the two je 

that are being spat out by 

rambunctious young starsat the 

center ofthe orany 

pikes. The stil-forming stars 

are surrounded by a dusty disk 

‘which isnot visble; however, » 


conical shadows above 


‘But perhaps the HOT seuansauna LOsTisLAND 
ile are BYTES "s" d The tinct martian 


water vapor inthe voleene Olympus 
inne disk fhe Mons may ave been | Telescopes 80 pecer 
‘slandina | complet, the European 
This cloud is an example of @ system POS70.The | vast seabilon years 
Bok globule, and when viewed fndindicaesthat 300A study found that 
at optical wavelengths (asin the the mountain’ slopes 
x ie share maphalogi 
simiarites with operations in 2028 as 
to water that could the fist ofthe next 
seed oceans. generation of extrem 
lege ground-based 


those seen in the nebulous blue 
cloud that surrounds the jet 


inset grovid-based image), i 


RARE RADIO SOURCE 
STUMPS ASTRONOMERS 


ear 
something else entirely? 


That's the question astronomers 
have after finds 
aguite fit any known category 
‘A team of astronomers ident 
fied this object last year using the 
‘Murchison Widefield Array in the 
‘outback of Western Australia Called 
(GPM J1839-10, ilies 15,000 lig 
away within the constellation Seutum, 
(Originally the team thought oft as 
‘a magnetar — a rare type of neutron 
star with a powerful magnetic field 
that sends energy into space as it spins 
Nearly all o 


g star that doesn't 


er known magnetars 
have brief periods ranging from a few 
seconds to a few minutes, But this 


‘object produces powerful five-minute 

long bursts of radiation every 21 ta 

22 minutes, which would make it the 

st-period magnetar ever detected, 

‘and raises questions about how 

‘magnetars form and evolve. The teem 

reported their results July 19 in Nature 
The universe still hs the cxpac- 

fty to surprise us,” says Natasha 


MYSTERY OBJECT. rhe strange boay 
sending slow radio signals might bea unique 
‘ype of magnetar —ahighy magnet, 
rotating neuton sta 


Hurley: Walker, the study's first 
thor and an astrophysicist at Curtin, 
University n Perth, Austealia, 

There are only a dozen known. 
magnetars, and astronomers stil don't 
know the specific conditions thi 
smagnetars versus run-of-the-mill 

etars typically 
emit radiation in high-energy X-rays 
rather than lower-energy radio waves. 
However, “avery small number of 
rmagnetars have been knovrn to produce 
raulio waves fora few weeks to months, 


Hurley-Walker notes, 
Puzzlingly, GPM ]1839-10 seems 
to exhibit the opposite traits. Its 
five-minute radio pulses are remark: 
ably consistent — archival data from 
the Very Large Array reveal i's been 
emitting them since at leat 1988, But 
vwhen the team looked for X-ray, they 
couldn't detect any. Magnetars are 


supposed to generate bright X-ray bursts, 
says Hurley Walker, “either jut before or 
with the radio pulses, 

Purthermore, given its 22-minute 
period, GPM [1839-10 should be spinning 
too slowly to produce radio waves — yet 
it's clearly doing so. These characteristics 
make it little harder to believe that 
this object is a magnetar. If itis, Hurley 
Walker's team suspects it's a special type 

sdby 


of magnetar whose emission is power 
a twisted magnetic field. 

Alternatively, GPM ]1859-10 could be a 
strange, highly ms 
leftover core of Sun-like stat, Such objects 
have weaker magnetic fields than neutron 

White dwarfs are aso larger than 
neutron stars and thus spin more slowly 
Which could explain GPM J1839-10' long, 
period, 

Of course, there’ a third scenaric 
GPM J1839-10 could be an entirely new 
object never before se 

The answer is still a toss-up, Hur 
Walker says she has polled world experts 
in transient radio astronomy on those 
three possibilities, and “the room was just 
split” she says. 
theorists and people were like, this just, 
breaks all the rules, I's why i's such an 


Not just observers but also 


Jove’s bolt from the blue 


Lightning lashes (green) in 
the midst of a vortex near 
Jupiter's north pole in this 
Image eaptured by NASA's 
Juna mission ast made 
close fyby ofoursolar 3 
system’ argest planet on 

Dee. 30, 2020. The craft was 
about 19:800 miles (32,000, 
kilometers) above the gas 
siant's ammonia-filed cloud 
tops. Some of Jupiter's 
lightning results from intr: 
actions between fling 
\Water-ammania droplets and 
Updrafts of water-ice crys 
tals; the colisions of patiles 
build up static charge, which 
discharges as lightning. —u2 
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have migrated 


Mn 


‘THE STORY OF HOW hot Jupiters form 
may have to be rewritten, 

Hot Jupters ate gas giant exoplanets 
similar ta Jupiter but orbiting close ta 
thair host stars. When thoy were frst 
discovered, astronomers thought these 
planets must form father out in their 
systems, where cooler gas and dust can 
accumulate. Their close-in lacations can 
be explained by chaotic orbital dynamics 
that allow them to migrate inward, kicking 
smaller planets out ofthe system with their 
gravitational bulk Ike a schoolyard bully 
This seems in keeping with the majority 
of observational data, which shows that 
many such systems do not contain smal 
Planets orbiting alongside the giants 

However, new analysis of the data 
{rom NASA's Kepler planothunting mis 
sion suggests this isnt avays the case: 
Somewhere botween 6 to 18 porcent of 
hot Jupites do have other planets nearby. 


‘Our research shows that at least a frac 
tion of hot Jupters cannot form through a 
violent process, said study leader Songhu 
Wang, an astronomer at indiana Universi 
in Bloomington ina statement. Wang 
presented the work at the 2023 summer 
meeting of the American Astronomical 
Society, 


Hot Jupiters may not 


‘huggests that some. 
hot pies may 
fomelose 
thedestars inthe 
locations where 
We abuere them, 
hot migrate there 


Stteroeming. sae 


Kepler, which was retired in 2018, 
searched for planets using the transit 


‘method, waiting for stars to tampora 
ily dim as planets cross infront of them, 

ng and his coleagues used a socond 
ary technique to search fr planets near 
hot Jupitrs: They laoked across four years 
of data fram Kepler to see ithe precise 
timing ofthe hot Jupiters' transits varied 
I planets were lurking nearby they may 
not transit, but their gravitational pull 
cud cause the hot Jupiter to transit 
slightly earlier or later on each orbit 

A similar analysis from over a decade 
ago ofthe first 1.8 years of Kepler data 
had not uncovered any such planets. But 
by going back tothe full dataset from 
the craft's original mission, Wang and 
his team had better luck: Qu af 101 hot 
Jupiters discovered by Kepler, they found 
16 were accompanied by nearby planets 

The work isnot the fist to suggest 
that het Jupiters can form in sity, clase to 
their stars. n 2018, Caltech astronomers 
Elzabeth Bailey and Konstantin Batygin 
argued that the orbits of hot Jupiter tend 
to cluster ouside ofa minimum distance 
from thor str lacking the amount of ran 
omness that would be expected if most 
hot upiters migrated inward. 


MIRROR WORLD 
‘The exoplanetLTT9779 brflects 
80 percent ofthe light that fas onto 
it fram its host star, according to 
‘observations from the European Space 
‘Agency's Cheops mission. ts shininess 
Is due to olasy, metalic clouds made 
of sileates mixed with metals 
tke titanium. 


DUSTY UNIVERSE 
‘sta from the James Webb Space 
“Telescope (WST) indicate carbon-rch 
dst appeared in gaanes loss than 
1 bilion years after the Big Bang — 
sooner than current theories of dust 
formation predict. 


‘ANEW COSMIC RULER 
Like ght, gravitational waves! 
trajectory can be bent, ar lensed, by 
the presence of massive objects ie 
galaxies. Future gravitationa-wave 
observateries could use such lensed 
sources to measur the expansion rate 
ofthe rivers, scientists 
have propose 


DEMOLITION DERBY 
‘an unusual gamma-ray burst detected 
‘in 2019 fram an ancient galaty ai not 
have a supernova, researchers report. 
tt appears the burst was caused by two 
compact stars in the galaxy’: crowded 
core randomiy running into each ether, 


METHANE MILESTONE. 
‘The private Chinese fm Landspaces 
‘Zhuque-2 became the fst methane- 
fueled rocket ta reach orbit July 22 
following falled attempts rom 
Folativty Spaces Terran 1 and 
SpaceX Starship eater this yer. 
Methane is cleaner, safer and cheaper 
than existing fuels ke kerosene. 


DARK STARS? 
‘Ateam of astronomers has 
proposed that some ofthe unexpected 
‘alacy candidates observed by WST 
inthe eary universe may instead 
be dark stars — stars made mostly 
‘of normal gas but powered by 
anniilatng dark matter particles 
Insteed ofnucles fusion, M2. 
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Y 808 BERMAN 
Bob's recent book 
Earth Shattering 
(tittle, Brown and 
‘Company 2019), 
explores the greatest 
catzams that hve 
‘shaken he universe 


Try using no magnification. 
to enjoy the sky, 


Astronomy beginners are often obsessed 
(>) ‘hyo ering ogni Tere 
wav Bull guky lve that high power 

amplifies nas Brn and ke ste wie 
fd that many objects requre for maxim 
iopeatcon 
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tropes aperture Sv my 12 nch 
tether coud hana pt 
(ibe and my smaller ch Takashi actor 250e 
Yet ruta merely tide hel Os eyepiece en 
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magnification 


be zero. 


Is there any rational reason todo this? Absouth 
Having ed anroncrny tars forthe past 30 year, ve 
carey watched what iespesees peopl. str: hat 
‘howing thes fa southern ponds the Tarantla 
Nebula and 47 Tora, Uhrongh 25-inch instrament 
nid deer sist abontasgoodacslial experience 
ssonecan have, Bat jst os wonderfal mercy viewing 
the Milky Way from any unpollued, wide-open site 

Each year, [havea group ter perfect skies ot their 
backs othe Milky Way and wave theirarms. All their 
lise they tl skeptical people how they saw their own 
shadow by the Milky Way's light! 

‘ntheweb, Milly Way images have peared nore 
and moore frequently this past decade, Usually the 
brights portion depicted —the summer Milky Wey 
cenferedon Soittarian Yau can alwnyrece Antares 
iteright and, bit farther right stil, the arachnids 
distinctive claws, cmpoaedofthenen-yrtical line of 
eta), Delta (), and P(e) Seorpi.Allthese can be 
enjoyed for ourself without any esuipment 

"The most ucnutional clea events ab demand 
sere extra rmguifieation, You woot see the northern 
Tights you use teeacope Nor will you enjoyametoot 
shower, My sla clip preference isto speed half 
totality baervng with eqaipmentto avid net 
inthe evelighting onthe sutrounding countryside, 
anil the other balf using stabilized binocular 

Batis ot just beauty ats involved here, Before 
1608, wen Hans Lippershey and othersinvened the 
Ielescope, many observers tnde profound eletial 
discoveries using theie eyes alone, In the third 
century 2.2, Atittarchna carefully noted the ste of 
Earths abudonan the Moon daria refines, He 
also determined that the halFllaminated Moon was 

not positioned exactly 90° from the Sun 
‘These observations let him conclude, 
together things, tht the Samat 
larger thes Earth. And dice it made are 
seme to him that a smaller objet shold 
crit arcana larger one, he anced 
A rmore than 1,700 years ahead of 
Copernicos— that Earth cvs the San 
while pining om teen es, 

en by icing that night eck, yu aerethy 
cone ht ete the cosmos ot fare an nine 
nnher ofstart crt must he tan oui for mast st 
light tohavehad timetoreachs. Taras out both are 
tre) Huge takeaway, using no instrumentation. 

So whethe: your pou it explore acience baat, 
terete ofthe tiod-tetching weasel mctapiys 
ics an philosophy the very beat magnification may 
ofien beter 
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A topsy-turvy 
eclips 


ustatonatempts 
tocapurethe 
unusual appearance 
‘totaly as seen 
‘uring te Ape 2, 
2023, yi sola 
felpsenear Com, 


BY STEPHEN 
JAMES OMEARA 
Stephon ia globe 
tring server who 
is aheys ooking 
forthe nox gest 
clea event, 


Find out what made this hybrid 
solar eclipse a one-of-a-kind event. 


the si 


No two 
hybrid solar 
eclipses are 


pace, The bands were about a foot apart and intense 
‘enough to show ona video made with an ancient Phone 
5s, Equally peculiar, the bands appeared most prom 
rently when seen agsinst the sandy, rocky terrain 


A total surprise 
While the initial diamond ring phenomenon was pro 
longed ewifany Baily’sbeads stood out promsinentlyin 
the seconds before totality. Duringthistime, the Moon's 
diskshone forth witha distinct shade of purple. Tisrich 
color wasseen against pale seafoam green innet corons, 
Never at any other eclipse had I seen these colors so 
noticeably and comfortably with the unaided eye 

‘Then, justas the Moon slammed the door on the ast 
crescent of sunlight, five brilliant coronal steamers 
sharp and white, shot out radially from pale petals 
beyond the plum Moon ina starfishike fashion. An 
irregular crescent of chromosphere (the ayer ofthe Sun 
just above the vstle surface) hugged the Moon’ limb, 
Which also revealed several naked-eye prominences 
(giant oops of plasma arcing off the Sun's surface). The 
largest coronal streamer burned pink, adding to the 
already stunning array of color. 

‘As totality progressed, the Moon darkened, but not 
to the usual inky black. Additionally, the equatorial 

otterfly wings” that are typically formed by coronal 
streamers they tendo flow mos freely from the Sun's 
equator di not appear. The only other corona appeared 
asa breath ofdifused light extending perhaps one solar 
radius from the disk. During totality, the sky did not 
completely darken. I remained a pale blue, akin to that 
at the start of nautical twilight. At third contact, with 
the appearance ofthe second diamond rng, 
intense shadow bands returned, lasting 
another two minutes. The last topsy-turvy 
event occurred several minutesafter totality 
when some cows that had been lingering 
‘unaffected before and during totality su: 
denly herded and left for home in single file 

(On reflection, believe the color and 
slamour of the visual details were due tothe 
fact thatthe contrast between the corona (about the 
brightness of a Full Moon) and the sky was low. The 
diference was similar to seeing the Full Moon in the 
dark night sky versusin th twilight, when the eye does 
not suffer ill efccs from glare. 

‘These observations may be worth keeping in mind as 
‘we approach the April, 2024, total solar eclipse. Iwill 
be interesting to compare the brief nature of this hybrid 
event toa total solar eclipse lasting several minutes. As 
always, send your thoughts and observations to 
sjomeara31@gmailcom.- 
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These ravenous black holes in the hearts 
of distant galaxies are beacons from 
the early universe. sy ricHarD TALCOTT 


‘THE 1960s WERE A TIME discovery, astronomers have come © 


ee ee Get eres SAM Piste hey arc powered by 
Berges Rea rcccrsascvetlcccholesatthe | Uriedamtmemr 
assassinations dominated the eve- centers of galaxies. No longer lepton 
Ree MMR Mces mire cariactle quasars cervees || ecmtine 
Inepedfight ilalnaiwithtbe vale probes belpiogastono. | Suertagneaste 
firsthumanslandinglon the Moon mers understand galaxy formation | sckholewihite 
infaly 1969 poe upclaeaae | Sayers 
Astronomy experienced its own est epochs of the universe. eee 
‘os reoltion asa tri of totally Tee 
unexpected discoveries rocked the ~Deep-space beacons | seme 
elie Peet Rs hind biateof users came in 
seagicemen caneMRPSSA 208 ye tT Cambrdge 
‘Robert Wilsan discovered the (BC) Catalog of radio sources was 


fading afterglow of the Big Bang released, eaturing several oddball 
With ahorn-shaped antenna at _objects. The strangest were strong 
Holmdel, New Jersey, revealing radio emitters that looked like 

the cosmic microwave background stars; they were dubbed quasi- 
radiation. Then in 1967, Jocelyn stellar radio sources. Normal stars, 
Bell, working at the Mullard Radio like the Sun, glaw so dimly at 
Astronomy Observatory in radio wavelengths that researchers 
‘Cambridge, England, detected the never expected to uncover radio- 
first pulsars — rapidly rotating loud stars. 


neutron stars that some superno- ‘The mystery’s resolution eame 
vvae eave behind. from the eatalog’s273rd entry: 
Buthefore those two break-_-3C 273, The Moon acculted this 
throughs, quasars burst onto the object several times in 1962, 
scene in 1963, These strange allowing radio astronomers to 


objects looked like stars yet emsit- pinpoint its location. Caltech 
ted more energy than entire galax- astronomer Maarten Schmidt tar- 
les, Inthe six decades since their __geted the source with the 200-inch 
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30279, shown nhs 
ast concept, 8 
ight variable queser 
thathas gone 
Ahveugh outbursts 


Spectum cas 


Hale Telescope, then the world’s 
largest, and found what seemed 
tobe an unremarkable 13th 
magnitude star, But its spectrum 
was extraordinary. It showed a 
series of strong emission lines 
that didn't seem to correspond. 
toany known element. 

Schmidt's eureka moment 
‘came on Feb. 5, 1963, when he 
recognized the oddball lines 
as the spectral fingerprint of 
hhydrogen — the universe's most 
‘common element — shifted from. 
its normal wavelengths far to the 
zed portion of the spectrum, 

‘This redshift implied 3¢ 273, 
was receding from Earth at neatly 
16 percent the speed of light! 

No star behaves like this. 
‘Schmidt quickly realized that 
'3C.273' redshift derived from the 
expansion of the universe, placing 
the object some 2 billion light 
years from Earth, To appear asa 
1Bth-magnitude object — bright 
‘enough to show up in modest 


amateur telescopes (ee page24) From darkness, light 


— 3C273 must havea luminosity Tt quickly became apparent that 
440 times that ofthe brightest gal- quasars must tap into a previ- 
axles known at the time, ‘ously unknown energy source, 
Schinidt atid his Caltech Not only do quasars appear 
colleague Jesse Greenstein imme- starlike, but they also change 
diately recognized that another brightness in periods as short as 


‘quasi-stellar radio source, 30-48, a day. Because no object can vary 
hhad an even higher redshift and i less time than it takes light to 
lies well beyond 3C 273. A year cross it, this means some quasars 
later, Taiwanese-American astro- are no bigger than a light-day 
physicist Hong-Yee Chiu short- across, or just afew times wider 
‘ened “quasi-stellar radio source” than Neptune's orbit around the 
to “quasay” and the name stuck. Sun. And quasars radiate far 

In the 60 years since, research- more light from this tiny volume 
cers have cataloged more than a _ than entire galaxies. 
million quasars, Oddly, only Nuclear fusion, which powers 
about 10 percent emit radio waves, the Sun and other stars, converts 
but these radio-quiet quasars oth- less than I percent ofa star's mass 
‘ervise mimic their louder siblings. into energy and can't come close 


IT QUICKLY BECAME APPARENT THAT 
QUASARS MUST TAP INTO A PREVIOUSLY 
UNKNOWN ENERGY SOURCE. 


E GALACTIC ZOO 


to the power quasars emit, The 
answer seemed incredible at the 
Lime: supermassive black holes 
containing millions or billions of 
times the Sun's mass atthe cen. 
ters of galaxies, actively feeding 
‘on surrounding stats and gas lai 
Although suggested in the 
‘mid'60s, the idea didnt gain 
wide acceptance for a couple of 


EDGE-ON RADIO GALAXY/SEVFERT2 


decades because many scientists 
considered black holes purely 
theoretical, But astronomers now 
think that depending on the 
black hole’ rotation rate, this 


process can convert up to 42 per 


cent of the materials mass into 
electromagnetic energy. 
‘Ablack hole’ gravity isso 
strong that it can tear 
or gas cloud that ventures close, 
As the stripped material spirals 
toward the black hole’s event 
horizon — the point of no return 
at which nothing, not even light, 


‘ean travel fast enough to escape oe 


mart a star / 


— it forms a flattened accretion 
disk. The 
speeds approaching that of light. 
Friction among the atoms heats 
the gas so much that it produces 
the intense radiation we see. 


gas swirls around at 


Closer to the black hole, loi or AGN. Although thoy 
where the atoms move faster ‘ 

and temperatures rise higher 
the accretion disk emits mostly 
ultraviolet light. As temperatures 
dip farther out, the radiation. njoj en cscaslona anacs but 
comes out at lower-energy visible 
and infrared wavelengths. Most 


‘of the X-rays seem to emanate 


from a much larger corona of gas rotates, creating atunnel stretch electromagnetic radiation atthe 
that envetops the disk. According ing away from the black hole pet- wavelengths it is initially emitted | Thewied mae! of 
to quasar expert William Keel _pendicular to the disk," says — cosmic expansion shifts them — | {ett en conan 
of the University of Alabama, astrophysicist Belinda Wilkes, to the red. For relatively nearby 1 fundamental set of 
‘Narrow [opticall emission lines avisiting fellow in the School _quasats, the difference is dramatic | Samponets Fram 
come from low-density gesasit of Physisat the Universiy of but aatextrantinary For esam- | sea spe 
absorbs the ionizing ultraviolet Bristol, UK. “Charged particles ple, the lines 3C 273 emits appear | lackhoean 
light from the inner accretion trapped by the anagnetic field 16 percent longer at Earth than at | horcoronect gure 
disk and electrons recombine move very fast along the fied the quasar, reflecting the objects | ‘eolonefet nova 
with the ions, rattling around lines away from the black hole, redshift of 0.16. sun wich potas 
dnd excng addtional ons by forming bipolar fs that grow Most quasars He mach farther 
collisions along the way.” larger than the galaxy itself The away. Their population peaks at aan asenee 
‘Accretion disks often amplify particles emit radiation in the redshifts between 2 and 3, mean- ‘which produces 
exiting mogoetc ld Tati, Xeay and sometimes ingtheoberved wavlengine | Sowa 
"Around blackhole, the fed vise light parts ofthe electro. appear three to four times ger | mn Ste ata 
lines passing through the acre- magni spectrum” than the emitted wavelengths mmr 
tin disk wind around a We do not observe the quasar’ This corresponds to objects that 


central supermassive black holes 
The electromagnetic slide Even pasar enrios the mass of 
the black hole seems to cortelate 
with the mass of the host galaxy's 
bulge — even though the bulge 
typically outweighs the black hole 
by a factor of 500 to 1,000. 
Scientists find such correla 
tions compelling evidence that 
the growth of central black holes 
influences the growth of galaxies. 
‘Most people think they both 
_grow because they tap into com. 
son reservoirs of matter — the 
infers interstellar gas in a galaxy” says 


frst own quest, aa Keel. “As gas enters the galaxy and 
Bppeas athe cenier 
hihi mage taken by 


‘make sense of the 
Spectrum of 30273 
Ut aarten Smid 
reslaed that he 
‘vere hed sited 
allt emia 
fmigsion Ines 0 
reader longer) 


Wavelength (nanometers) cools, some forms stars and some, 


thats Space less directly falls close enough to 
Tetope Fs the core to fed the supermassive 
aoreerbcs (ct blackhole.” 

ditectonsples).te | existed some 3 billion to 2 billion causes a photon emitted by mate But the black hole doesn't swal- 
eusyioseehowsich | years after the Big Bang and rial moving toward you to shift’ low everything, “Although some 
‘uosistelor The whose light has been traveling to a shorter wavelength (bluer of the infalling matter falls into 
Gaeasiciavistee | toward Earth or IObillion to light, while material movi the black hole and feds its growth 
awerrant moons | 1D billion years. away delivers ight of ong and activity, the rest streams 
ee ev aite wavelengths (edder light) ‘out along the jets back into and 
Salen ees The smeared emission lines through the galaxy" says Wilks. 


teavantenones” | Inalaboratory on Earth,an froma quasars accretion disk “This combination af inflow and 
pated wpe | clectron's transition fom one thus carry vital information: The outflow connects the evolution 
ichectay energy level toa lower one results lines’ widths reveal how fst the of the black hoe with that os 
Zennginejateeor | nemission ofasingle photon gas rotates around the blackhole. host galaxy in feedback loop.” 
cterund 3000, | ata precise wavelength, Nature And ance astronomers know how The connection between gal: 
Siew theadodsta | proves messier. Observed emis- longittakes the material to orbit axy and black hole only grows 
wartakenwibine | sionlines spread out because the central blackhole, they can overtime. “Galaxy mergers are 
enormous numbers ofatoms calculate its mass covnmon and imply that the blac 
radiate atthe same time, and One ofthe key discoveries in holes will eventually merge as 
these atoms move with respect the early years ofthe 2Ist century well” sys Kee, meaning thatthe 
\oEarth, The Doppler effect _ is that most large galaxies possess masts of bath galaxies and their 


black holes will grow. So even if 
there is no relationship between 
the mass ofa black hole and its 
galaxy to begin with, as they 
merge with others many times 
GMVA+ALMA ‘over, a correlation will emer 


With the exceptions of fleeting 
events like supernovae and 
‘gamma-ray bursts, quasars are 
the b 

verse. This makes them powerful 


best abjects in the uni 


probes of the distant universe 
And because photons from these 
objects take so long to reach us, 
ej they also shed light on conditions 
2 ghee When the cosmos was younger. 
‘Once astronomers started find: 
ing quasars with redshifts greater 
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3C 273 z=0.158 


dell Vc tente eel 


‘Wavelength (nanometers) 


Q1422+2309 


"Wavelength (eanometers) 


than 2, they noticed a new char- 
acteristic in their spectra: Just 

next to the quasar's Lyman-alpha has a wavelen 

(Lyman-a) emission line stood a let of 122 nanomet 

series of narrow absorption lines, Roger Lynds deduc 
extending to shorter wavelengths. absorption features, dubbed the 
(Lyman-a emission comes fom Lyman-a forest, arise from cold 
hydrogen atoms whose electron hydrogen gas in foreground 


‘objects that absorb the quasar’s 
Lyman-a emission, Because these 
‘objects lie abit closer to Earth, 
they have smaller redshifts, so 
the lines appear at slightly hluer 
(shorter) wavelength 

Each “tree” in the forest cor 
responds to a separate cloud of 
intergalactic hydrogen lurking in 

round galaxy cluster. The 

fact that the tees grow more 
‘numerous loser to the quasar 
‘means the early universe pos 
sessed more galaxy-buildiny 
‘material, Recently, astronomers 
hhave found similar forests attached 
to emission lines of heavier ele 
‘ments, evealing thatthe infant 
cosmos wasnt just a pristine m 
of hydrogen and helium. 


Pushing the limits 
‘To extend the boundaries of our 
understanding to the edge of the 


fosmot wa of get 
tloude atvarous 
Stages ofthe 

That information 


afar mater This 
is generated 
bya simulation 


‘what the 
hi ot 
Sbllon years 


Fravoing for about 
oionyur 


(opinset) appears 
Seitwar when the 


{10 milion years ot 
‘ibtracing the ight 
fom the quasar 
foveal the much 
‘sinter stl ot 
the sounding 
‘aan (bottom 


os05-150 eee 
Inyolow) anchors 2 
flament 0 
glans that date 
{0 ust 830 milton 
erste ig 
Beng The $-millon- 
lightyeariong. 
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‘observable universe, astronomers 
need the power of the James 
‘Webb Space Telescope (JWST), 

lis 65-meter misror gathers more 
light than most ground-based 
telescopes, and its sensitivity to 
near-infrared light makes it ideal 
for viewing galasies and quasars 
atthe highest redshifts, 

University of Arizona astrono: 
e Wang studies the most 
distant quasars and their envi 
ronments, particularly those with 
redshifts greater than 5, Scientists 
so far have found about 1,000 
‘quasars at these distances, but 
only 200 lie beyond redshifts of 
6 and just a handful exist at red. 
shifls of 7 oF more, 

‘Wang and his colleagues are 
‘observing 25 distant quasars with 
the new space telescope, using a 
riode that allows them to mea: 


me Fei 


sure the redshift not only of the 
{quasars but also all surrounding 
‘objects in the Held of view. 

In late June, the team 
announced their initial results. 
"The first quasar in their study 
hosts a dark matter 


halo on the 


‘order ofa trillion solar masses 
and anchors a 3-million-light- 
year-long filament of 10 galaxies. 
"This is one of the most extended 
and richest protoclusters yet 
known in the early univ 


team member Xiuohui Fan of the 
University of Arizona, “It shows 
that luminous quasars powered 
by supermassive black holes (in 
this ease about 1 billion solar 
masses) are atthe center of an 
‘emerging large-scale structure” 
Fan adds that if we could 
this region as it exists today, the 
protocluster would likely have 
evolved into a rich galaxy cluster. 
In asecond study, the 
mers measured the sizes of the 
supermassive black holes in ei 
quasars, all of which have red 
shifts around 6,7, so we see them 
as they were some 800 million 
years after the Big Bang. All eight 
tip the scale at about a billion 
solar masses. “We also abserved 
strong winds powered by the cen 
tral black holes that could extend 
to the seale of quasar host yalax- 
ies," says Wang. “This provides 


ht 


observational evidence of the 
existence of quasar feedback in 
the early universe” 

Of course, 


tis a small 


sample size. Wang says that 


future JWST observations of a 
large number of supermassive 
black holes will provide statistical 
information about “the general 
properties ofthe 
holes and help us to understand 
the interplay between black holes 


lest black 


‘The findings are changing how 
astronomers think about galaxy 
evolution, including the question 
of which came first: the galaxies 
or the supermassive black holes 


at their centers, When astrono. 
mers first uncovered the relation 
between galaxy and supermas: 
sive black hole masses, “it 
seemed crazy to think the black 
holes came first,” says Keel. “But 
seeing some quasars with billions 
of solar masses in the early uni 
verse, even ifthey weren't first, 
they must have gotten a he 

start on growth compared to the 
surrounding galaxies, 


The future beckons 


JWST's time may be precious 


but that won't keep astronomers 
from using it to further explore 
quasars and the nascent universe 


The eatly results have been tan- 
talizing, and the relationships 
between the major players in the 
cosmos first billion years are 
starting to come into focus, 

The connection is that in 
the early universe, the most 
luminous quasars are powered 
by the most massive black holes, 
in the most massive galaxies, 
and residing at the centers of 
the largest structures with the 
‘most active galaxy formation, 
says Fan. “So, from black hole 
to galaxy to the cosmie web, 
they are all part ofthe same 
cosmic ecosystem. 

The findings seem consistent 
with the appar olution 
between supermassive black holes 
and galaxies in the more mature 
universe. Perhaps the biggest 
mystery to solve wil be finding 
‘out how such large structures 


managed to form so quickly after 
the Big Bang. (See “Too big, too 
soon” in the September 2023 

Fan sees a future where JWST 
‘not only investigates the roles of 
black hole and quasar creation in 
the context of galaxy formation, 
but also probes how quasars 
anchor the universe's earliest, 

-ge-scale structures. Keel fore 
sees quasars continuing their 

oman work as beacons lighting 
up the intergalactic medium and 
revealing its composition, 

Whatever the future may 
bring, it seems certain quasars 
will Keep astronomers busy fo 
another 60 years. » 


(Quasars and other cosmic enigmas 
have ah josity 


of tor Richard 
Talcott 
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Hunting quasar 


Accept the challenge of tracking down oe ae! 
the sky's brightest quasar through your x sie dns your eel 
telescope. J time comple appeared on Earth 
ail in the 


ToP LEFT: quasar 20273 in afl parse 
region of western Vago between the Maiden’ 
Spl and La the Lins Denabola Ts nakad- 
We shows stare to magnitude 80 


BOTTOM LEFT This binocular chat goss dwn a 
‘aghtude 0 and homes non th aes around 
Stemapinae Te Virgins th gateway to 30273 


FIGHT: Us this telescopic map revealing stars to 
ght 13 tent he quasar 3 273 across 
2 lon ight years of space 


3c 


73 glows at magnitude 12.9, which 
pls it within range ofa 6-inch telescope 


leeway, par 
ticularly ifyou're quasar hunting for the 
first time 

A few tips make the task easier 

Fist, choose an observing ste far 
removed from the lights of the city, Even 
a nearby stretlight or a neighbor’ secu 
rity light 

Second, pick a nig 
is out ofthe sky. Our satellite’ natural 
light pollution spoils the view just as 
such as civilization’s artificial variety 

Third, select a night when 3C 273 
rides high in the sky. Looking throu 
thicker layers of atmosphere when an 
‘object lies closer to the horizon dims i 


n doom your effort. 


when the Moon 


and you want as many photons making 
theis way to your telescope as possible 
The quasar resides in western Virgo 
the Maiden, a region that lies fairly low 
in the east as morning twilight begins in 
November. A couple of months make a 


big difference, however. 3C 273 peaks in 
id at 


the south before dawn in January 


progressively earlier times asthe y 
advances. It's up all night and highest 
around midnight during Apri 


The final trick to identifying the quasar 
is knowing precisely where to look. The 
charts above will take you there step by 
step. All the maps show north at top and. 
east to the left. This means the naked: 

eye and binocular fields match what you 


will see when 3C 273 lies due south, If 
your telescope reverses the image and 
pls south at top, turn the magazine 
upside dowa to match the view. Even if 
you have a go-to scape, you'll need the 
detailed telescopic map to identify which 
dot inthe field is 3C 


The map above at top left shows a 


wide-field naked-eye view of the area 
down to magnitude 5.0, First, identify 

Virgo’s luminary, Ist-magnitude Spica, 
and Lea the Lion's second-brightest stag, 


2nd-magnitude Denebola, Next, focus 
your attention roughly hallway between 
these stars on a trio of fainter suns: 3d 
magnitude Gamma (7), th-magnitude 
Eta (n), and Sth-magnitude 16 Vieginis. 
This region shows up best in the binacu: 


lar field above at lower left, which reveals 
stars as faint as magnitude 80, 

3c 
I find it easiest to statt at this Sth: 
‘magnitude sun because the stars along 
the way to the quasar form more con 


lies 2.5° southeast of 16 Vir, 


spicuous patterns, The large telescopic 
view above at right shows objects to 
magnitude 13.5, faint enough that you 
shouldn't have much trouble homing in 
on 3.273, Look for a closely spaced trio 
of stars forming a right triangle. The 
starlike quasar lies halfway along this 
triangle’ hypotenuse. Dont confuse it 
with a slightly fainter sun just to its west 
‘Once you've found 3C 273, take a 
moment to ponder what you're seeing: 
light that began its journey long before 
dinosaurs roamed Earth and ended by 
tie 


the delicate rods and cones in 


Contributing Editor Richard Taleott looks 
arward each year 0 anather opportunity to 
track down 3€ 273. 
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ASHES TO ASHES, 


DUST +o 
PLANETS 


JWST discovers three dust-filled rings around the star Fomalhaut, 
hinting at possible embedded planets. sy aicanp taLcort 


‘THROUGHOUT RECORDED 
HISTORY, Fomalhaut’s main claim to 
fame has been its rank.as the sky's most 
{solted Ist-magnitude star. The lumi- 
nary of Pscis Austrinus stands alone 

‘on autumn evenings, a beacon in the 
southern sky amidst a smattering of less 
impressive suns. 

“Then, 40 years ago, astronomers dis- 
covered excess infrared radiation pour- 
{ng feom the night sky's 18th-brightest, 
star. As scentists pointed ever-more- 
powerful telescopes in its direction, 
picture emerged of an otherwise normal 
sun surrounded by a disk of warm dust 

Researchers now have targeted this 
nearby stat with their latest and greatest 
infrared instrument — the James Webb 
Space Telescope (JWST).JWST's images 
found not one but three nested belts of 
‘warm dust surrounding Fomalbaut, the 
inner two of which had never been een 
before. The findings steongly suggest that 
planets shape the debris disk. 


ADUSTY STAR 
‘The modern story of Fomalhaut begins 
in 1983. That's when NASA's Infrared 
Astronomical Satellite conducted an 
all-sky survey for sources of infrared 


radiation. No one expected to see much 
coming from relatively hot stars like 
Fomalhaut. But there it was: a strong, 
signal that could only mean warm dust, 
likely in a debris disk formed as asteroids 
and comets left over from the formation 
of planets collided and got 
{ground into finer particles. 


RINGS INSIDE A RING 
‘The observations reveal thatthe previ- 
‘ously seen narrow ring lies outside two 
smaller belts closer tothe star. In many 
‘ways it mimics the structure in our own 
solar system, The outer ring resembles 
our Kuiper Belt, which starts 
just outside Neptune's orbit 


Ta the decades since, DTS 2120 av andextends out 
astronomers examined Saceses 1055 AU, Fonalhauts ana- 
Fomalhaut aross the Fomalhat logue stretches nearly three 
electromagnetic spectrum, | pectraltype | _ times as fa. Neptune sculpts 
fom optical to infrared av the inner edge ofthe Kuiper 
and radio. The observations Distance Belt — could an unseen 
revealed a narrow ring 2slightyears | planet perform the same task 
located between 136 and Mass at Fomalhaut? A large dust 
150 astronomical units from |  V9280¥8Fmasses 1 oud resides in this ring and 
the star. (One astronomical, beeper: uci a faint halo lies outside it. 
unit, or AU, isequal to the | SS904eHNH CS Imes | The interior belts are @ 
average Earth-Sun distance pol revelation, never glimpsed 
of 93 million miles taedtinectie’sun | before these JWST observa- 
[150 million kilometers).) tions. The innermost disk 

‘That’ where JWST appears somewhat similar 
comes in, With ts infrared to our asteroid belt, though 
sensitivity fine-tuned to again Fomalhaut's extends 


dust emission and its giant 6.5-meter 
‘mirror to resolve fine detail, the space 
telescope proved the perfect instrument 
for exposing the structure of Fomalhaut's 
debris disk. 


‘much farther, from about 10 to 73 AU. 
(The Sun’s bet runs from 2.1 © 3.3 AU 
and Jupiter shepherds its outer edge) 
‘Beyond this is where it gets interest- 
ing. A noticeable gap surrounds the inner 


disk and stretches for about 10 AU. 


from 83 10104 
encloses this structure until you reach 
the outer ring, This gap likely results 
from the 

“The b 


ofa mystery novel 


tational effects of an 


ts around Fomalhaut are kind 
said University of 
Arizona astronomer and team member 


ke in a pr 


ate the planets? I think i's not a v 
big leap to 


there's probably areal 


tomer dk 


loner gap 


oe Dust cloud 
— outer ing 


interesting planetary system around the 
Schuyler Wolff o 
the University of Arizona added, “We 
definitely didn't 
structure with the 


star.” Team membe 


suites Onshore ae 
ae 


the only two stars studied at this evel of 


belt and the broader ast 


tiered ast 3d so fa, these ar 
detail, leaving astronomers to won 

Which architecture might be mo 

‘mon, The team plans to obs 

other dusty 

Epsilon Eridani, in the near future to 
find out. 


SKY THIS MONTH 


THE SOLAR SYSTEM'S CHANGING LANDSCAPE AS IT APPEARS IN EARTH'S SKY, 


BY MARTIN RATCLIFFE AND ALISTER LING 


NOVEMBER 2023 


Jupiter climbs high 


Saturn is already visible southwest 50 minutes after 
after dark while Jupiter 


is rising in the eastern sky 


Saturn lies in the south as 
the sky darkens. Staring the 
month at magnitude 0.7 and 
standing 35° high for US. 
observers at midlatitudes it 
outshines Fomalhaut, a bright 
star slightly east of the planet 
and halfway between it and the 


beckoning for atention all 
night, Uranus sat its best for 
the year and Neptune is also on 
display — more ofa challenge, 
but with a helpful star nearby 


Venus continues its brilliant 
predawn shoeing all month 
and cant be missed, rising 


bors four hours before 


horizon, Saturn dims slighty to 
‘magnitude 0.8 in the third week 
of the month 

Saturn stops maving retro 
grade on the ith and resumes 
‘an easterly trek across southern 
Aquaria. Its motion away from 
Tota (t) Aquatié is barely notice 
able until ate November, The 
nearly First Quarter Moon 


Sa To oiants @ Ab & 
(Our planetary observing eens eae: 


begins with the reappearance of 
‘Mercury in the evening sky. I's 
‘challenge duet its southerly 
dec Icky 
observers might spot it 5° to the 
right of 

Moon Now. i 
clear southwestern horizon). 


ation, althou 


hhour-old crescent 


* Pleiades 


woul need @ 


Both stand 3° above the horizon 


20 minites after sunset and set 
‘quickly — you have about 10, 
minutes to spot them. Mercury 
slows at magnitude -0., 
‘There's gentle improvement 
as Mercury's elongation from 


the Sun increases daily, reach 
ing 20° east of our star on the 
27h, when it sets an hour after 
the Sun, As November ends, 
Mercury stands 5° high in the 
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‘Menkar 


Uranus reaches apposton 10 days ater Jupiter. Thelce giant les Between 


Vie with incsare 
F Vale wthatalncape 


ful pay asthe gs gat reaches, 
‘pposton this month Here, the 
righty planet poses with fs agest 


stands within 10° ofthe planet 
fon the 19th 
Saturn sets shortly before 

2 A. local daylight time on the 
‘stand just before 11 pat. local 
time on the 30th, Any telescope 
will revel the rings. They 

at ther widest; the 


almost 
narrow axis s 6, Brightest is 
Ring B, bounded by the dark 
‘outer A Ring, The innermost 

ing is partly transparent 

arrowing tilt of the 

ings aver the pas 
revealing the planet's southern 
hemisphere. Be on the watch 
for neve features in Satura’s nor 
mally hazy atmosphere. Subtle 
belts and zones are visible under 
sendy seeing conditions 

(Of Saturn’ moons visible in 
1 small backyard scope, Titan 
fs brightest. You pick it up at 
magnitude 86, orbiting every 
16 days. Find it roughly north of 
the planet Nov. 10 and 26, and 
roughly south Nov 2 and 18 
ethys, Dione, and Rhea are 
the next easily spotted moons at 
10th magnitude. They lie inside 
Titan's orbit and are joined by 


sini Division and dimmer 


The 


fee years is 


fainter Enceladus and lapetus, 
allon the western side of the 
rings, on Now. 7. Eleventh 
‘magnitude lapetus sat inferior 
conjunction and unusually close 
tothe planet It lies between 
Rhea and Dione, Magnitude 12 
Enceladus is challenging in 
smaller scopes die to Sa 
brilliance. It ies south of Dione 
inthe early evening, Between 
pas. and 10 na EST, these five 
‘moons curve around the wes 
cern end ofthe rings. Watch this 
collection over an hour to see 
thei relative motions upset the 
nice, smooth arc 


RISING MOON | The 


‘THE WAXING CRESCENT MOON fea crowd 
pleaser and aselenophil's delight. On the eve 
ning ofthe 18th, to nights before First Quarter, 
the bewildering spread of eratersin the south 
‘ives way tothe wrinkled ridges crossing the 
clarker lava seas to the north, Py your eye away 
‘om the fantastic Serpentine Ridge inthe north 
temhalf ofthe Moon and setle on a spat just 
above the equator where a wild zane of ridges 
ples the frozen face of Mare ranquilitatis 

Literally buried under the Sea of Tranulity’s 
mostly north-south ridges sa ghasty ring | 
‘tamed Lamont. Astronomers believe this all 
that’s let fa modesty large impact basin later 
flooded tothe rim by the upwelling lavas of 
2onsage. Afterward, a smaller impactor 
‘catved out the crater Arago tothe north: 
‘west A second concentric ring, about 
twice the size of Lamont istrckier to 
see and seems easier when youre nat 
‘tying hard. Multiple rings area common 
feature of the larger basins. Just north of 
‘Arago isa modest bump, the largest of afamily 
‘a oleanic domes in the neighborhood. 

Both the wrinklesand domesare so gentle 
that without the low Sun angle they wl, 


JUPITER reaches apposition 
Now. 3, flowed by URANUS 
‘aching oppesion No. 13, 


60@e 


Tethys undergoes transits 
‘ovo nights apart, on Nov. 18 
and 20, Both times its followed 


by ts shadow. I's best to record 
such events with a high-speed 
video camera designed for plan 
etary observation. 

‘Tethys transit om the 18th 

bt EST 

and lasts nearly 80 minutes, 
(Oi the 20th, the transit begins 
around 6:50 vat, EST and lasts 


begins around 1135 


about the same duration. Plan 
to be observing 15 to 20 min. 
ites before the star 

‘After inferior conjunction, 
lapetus moves toward its 
brighter western elongation, 
which it reaches Nov. 27. At this 


location in ts orbit, the moon is 
nearly 10th magnitude and 
stands &5' west ofthe planet. 
‘Neptune is visible much of 
the night in Pisces, Binoculars 
or small scope wil show the 
magnitude 77 planet, which lies 
sore than 29 astronomical 


RSA MAIOR -oRadiant 


Regulus” 


coma, _ Derlsbola* 
units (2.7 billion miles BERRIES 
1 astronomical unit [AU] isthe 
average Earth-Sun distance) 
from Earth. It sits 5° due south 
of 4th-magnitude Lambda (2) 
Piscium. 20 Pse lies bout 1.5 
east-northeast ofthe planet, 
shining at Sth magnitude 

[Neptune's retrograde motion 
carries it back into northeast 


Poni 


Now 18, 4am, 
Looking east 


The Leonid’ ra 


rm Asuras heen of gM METEORS 
theron A teescope will ste dts 6-0 THIS YEAR'S ANNUAL LEONID 
show the bluish, 2"-wide disk | Pray: oy 118 

Pe meteor shower peaks Nov 17/18 


Jupiter i visible all night 
and reaches opposition 
Nov. 3. Ths s the best time 


‘Moon at peak: Wang crescent 
Maximum rat at peak: 
iDmetearshour 


— Continue on page 34 


METEOR WATCH | Look to the Lion 


a 


at wl ise higher 
lan nthe South by dawn 


uring nighttime across the US. t 
coincides with a five-day old crescent 
Moon tht sets before 10p.local 


host autine of Lament. 


lsappear by the 19th. Should the 1th be 
cloudy take your next opportunity and instead 
dit on any lunar sea near the terminator. 
Wrinkles, pumps, and cracks await! 


time, The Leonid are associated with 
Comet S5P/Tempel Tutte, which last 
reached perinelion in 1998 

Incecent years, hourly rates have 
been decinng and arenot expected 
to improve fo afew years. However, 
With so much planetary action going 
‘on Uupiteris visible all night and 
Venus rises ery it’s a great time to 
addina period of meteor observing 

Leo rises around local midnight 
and the radiant, lacated in the Sickle 
‘sterile through dawn, The 
hour before tilightisthe best time 
BONE forall meteor showers, placing uson 

the leading hemisphere of Fath asit 

flies nto the stream af meteor debs 
The Leonie are known tobe very 
swift, and many meteor leave glow: 
In, persistent trans, which are fase 
nating to experience. Lack 40" to 60 
away rom Leot spot the longest 

‘The showers active from Nav. 6 
30,30 be on watch for Leonidsfor at 


leasta week twa on ethersde of 
the peak date 
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HOW TO USE THIS MAP 
‘This map portrays the sky as seen 
35° north latitude. Located 


points. To find stars, hold the map 
‘overhead and orient it so one of 
the labels matches the direction 
you'e facing. The stars above 
the map's horizon now match 
What's in the sky. 


The all-sky map shows 
hhow the sky looks at: 


10 pat, November 1 
8 pm. November 15. 
7pm November 30 
Planets are shown 
at midmonth 


MAP SYMBOLS 
© Open cluster 
Globular cluster 
Diffuse nebula 
Planetary nebula 
Galaxy 


o+08@ 


STAR 
MAGNITUDES 
© Sirius 

#00 + 20 
+10 + 40 
+20. 50 


‘STAR COLORS 
{star's color depends 


5 The hotest 


Slightly cooler stars appear white 
Intermediate stars (ke the Sur glow yellow 
Lower-temperature stars appear orange 
“The coolest stars glow red 

Fainter stare cant excite our eyes color 


use optical ai to gather mae ight 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
‘wurw-Astronomy.com/starchart 


~ 
+ SCULPTOR + 


ae PHOENIX 


oO[o[e 
PIRIEILI 
sjeeee 


‘Note: Moon phates inthe calendar vay in size due tothe distance 
from Earth and are shown at Oh Universal Tim 


CALENDAR OF EVENTS 

2 fei risa iT 

3 kptrateptin an 

4 sansa 

§ @ etter inn scaeaaa7a ist 

Tew ners rat 
Telit (tH ero 87a ET 
Telnet ST 
revi certs 1 

Ut stopetn nn St 

Telly rh tie Sra 

Mery pe th of tea ST 

sn ne howe ae 
Marinette 44 

D rescence tsa 51 
Felony shot tn 5 

Dr at enn San NaS 
Tent 275 is aT 
Tell pose sh of aie ST 
Telonpas nothin a tt 
Telos noha ST 

@ Fitter scr ast 
Yasser pn ST 


BES RE 


BERR 


“@ee0ees 


To locate the Moon inthe sky, draw a line from the phase shown 
for the day straight up tothe curved blue line, 


Ce em ) 


dnt 


‘THE PLANETS 
IN THEIR ORBITS 


[rows show the inner 


planets’ monthly mations 
‘and dots depict the 
‘outer planets! positions 
‘at midmonth from high 
above their orbits 


wars 
Solar conjunction 
ISNovember 78 
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Declination (2 


THE PLANETS IN THE SKY 
These illustrations show the size, phase, 

and orientation of each planet andthe two 
brightest dwarf planets at Oh UT fo the dates 
in the data table at bottom, South i atthe top 
to match the view through a telescope. 


Venus 


(CL 


vamecnn, NOVEMBER 2023 


This map unfolds the entire night sky from sunset (a ight) unt 
and colored dots show motions and locations of solar system 


>-4 


WHEN TO 
SKY THIS MONTH ~ continues om pos VIEW THE 


PLANETS 


Close follower transiting with its shadow 
following ater EVENING SKY 
Ganymede. s Forexample, three lotransits | Mereury (southwest) 
are visible on the evenings of upiter (east) 
‘Nov. 4/5, 11/12, and 20, lo and precept 


Uranus (east) 


supiter Neptune (southeast) 


ie within two minstes ofeach 
shadow other on the 4th, starting at MIDNIGHT 

1155 pat. EDT (oo Jupiter (southwest) 

Sotum (southwest) 


Nov. 3, 10:00 ma. EDT ae 


Es is Uranus (south) 
time Castles othe west, outside hs el of view cs re Alin allege MOANING aKY 
time zones) and now the shadow Venus (southeast) 

ofthe year to observe the gas The Galilean moons also by 14 minutes, appearing st Jupiter (west) 

giant, now closest to Earth at subtenda larger apparent diam: 32st. EST. On the 20th, lo artis (eer) 

3.98 AU (70 million miles. eter at opposition, aiding the sa transit at 849 ea EST 

Ie brightens the constl recording of surface features anid the shadow fllois 28 min 

Aries with its magni swith perfectly collimated tele- esate, a 9:17 na, EST at 9:15 vat, EDT and its shadove 

Jove. The planet's apparent scopes and video capture, A Europa’ transits exhibit appears one minute later, 

diameter reaches 49" and shaves opposition, transiting moons the same changing geometry By Nov. 10, Earth is about 

off barely an arcsecond during and theirshadowsnearly over- On Now. 3, the night of opposi- farther along its orbit, and 

he rest ofthe month. Jap, whilelaterin the month tian, the moon and shadow Europa and its shadow ate well 
Thislarge apparent sie isa youcan see the same moon __ overlap. Europa’ transit begins separated. Europa begins its 


reat benefit, particularly for 


observers using high-speed 


Se COMET SEARCH | 


ing exposure times and allow 


atch the 


es asleep 


ing caplure at a higher frame 
ile te WE'RE TREATED fora whole 


rate with good signal to noise 


Shorter exposure times aid 


with freezing the blareing Fofue 
effects of our atmosphere in 
bid to capt 


Sup 


crs atmosphere, 
Jupiter alsa climbs higher in 


he sky for northern observers longat least a.inch scone to 
han at any time since 2015. The |p the 10th-magnitude faz 
higher elevation reduces the There's more to keep an eye 
amount of Earth’satmosphere ut for swt Leonid, fireball 


atthe plane's 


ight pastes Tours, and another hal dozen 


mualeen the comet sins the arbit of 


appearances, 


Tiublelesome tone cach night, Matsand close enough to the Sun Consider using a 135mm telephoto lens to frameit along withthe 


sparkly and colorful Beshive Cluster. Visually the comet will main gray, but what will the condensation 
be like Diffuse with a bright core, or gradually brightening from the outside into the middle, reminiscent 
‘ofmanyeliptcal glans? 

Don't expect to see or image a tall this month, except forthe sightest hint. Tsuchinshan 1s traveling 
Just off the ecliptic and close to opposition so the physical talls are streaming behind itn the solar wind. 
Perihelion its closest approach tothe Sun, occurs Dec. 25, ut outside Earths orbit. 

‘Should the name Tuchinshan sound familar, this observatory co-discovered C/2023 A3 
(Teuchinshan-Atlas, which will atch mecla attention next October, perhaps cracking magnitude O! 


Finer and more subtle details in 
he ever-changing cloud bel 


become noticeable with patient 


and prolonged viewing, a your 
eye becomes accustomed to the 
planet's brilliance 
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LOCATING ASTEROIDS 


Zeus points the way 


tingling in the Maiden > Ab 


aoores “ *Porrima 


Arcturas conyus 


{A delcate crescent Moon shares the constalton Vigo wit ight Venus 
{or seers hours before dawn on No.2 


transit at 1029 vs. EST, fl- 
Towed by the shadow 22 minutes 
late. 

Ganymede undergoes fs: 
inating eclipse behind upiter’s 
northers limb beginning Now. 6 
at 0:44 pat, BST. Due to the 
shallow angle ofthe limb, 
Ganymede will blend with 
Jupiter afew minutes earlier. 
While Ganymede ends the 
‘occultation just before 124.8 
EST om the 7th (til firmly the 
(th in other time zones), it’s 
{in Jupiter’ shadow. The moon 
finally reappears around 
1226 a.m. EST, taking more 


Ganymede remains visible only 
24 minutes before entering 
Jupiters extended shadow in 
aan eclipse that lasts nealy two 
hours, emerging at 5:37 4. 
PST, when Jupiter is extremely 
love on the West Coast 

Uranus reaches opposition 
Nov. 13, the second major planet 
to-do so this month, It stands 
roughly midway between Jupiter 
and the Pleiades (M5). Sean the 
region with binoculars to find 


a small group of stars glowing 
between 4th and 6th magnitude. 
The brightest star in this region 
95° southwest of MAS, s magn 
than 10 minutes to fally emeng 

Ganymede undergoes a sim 
ilar event Nov. 13/14 starting at 
1:56 4. EST on the Lith (the 
15th forthe western US), with 
shadow egress at 436.4. EST 
Another interesting event 5: 
‘occurs early on Nov, 21, best 


Uranus sits roughly 2.2 south of 
thisstar all month, A neasly Fall 
“Moon lis inthe same vicinity 
‘overnight on Now. 24/35, 

Uranus glois at magnitude 
an easy binocular object. An 

3g est of sky conditions 

isto see whether you can spot 
the planet with the unaided eye 
You'll need very dark skies avy 
from any city lights 

During the month, Uranus 


‘observed from the western hall 
ofthe US. Ganymede disap- 
pears around 410 a.t. CST 
and reappears at 5:30 Ast CST, 
‘when Jupiter is near the horizon 
in the Midwest. However, 


i") 


moves about 12° westward 


‘wera. Astronomy.com/skythisweek 


WHEN DOES AN ASTEROID'S bright signpost move? When i's 
planet! All month, minor planet 2 Lutetia parallels the gas giant 
Jupiter’ movement, almost exactly 2°tothe planet's south 

Both come to opposition on the 3rd, ying opposite the Sun, 
when theyll be highest inthe sky just after midnight for most 
teaders, Because Lutetia orbits nthe main belt between Jupiter 
and Mars, ite closer tous and moves faster across the shy. 

The Rosetta spacecraft visited the out of round, 60-mile- wide 
asteroid in 2010. With an albedo (reflectivity) of 20 percent, 
Lutetia is just brighter than 10th magnitude, which means you'll 
need tobe patient when tracking it down. 

Drop down from Jupiter and match the pattern in the back 
‘ground stars t the view through your eyepiece, membering 
that it might be upside down or flipped lett right. Make a quick 
sketch ofthe five brightest stars in the fied, then come backa 
right or two later ta see which dt moved. Just avoid the 28th 
through the 26th, when the Moan passes by, 


‘Asteroid Lute mirror the movement ofthe planet Jupiter all month 
‘bet eerass a sgh anger are 


along a retrograde path. At 
‘opposition ities 18.6 AU 

(17 billion miles) from Earth, 
and through a telescope reveals 
a tiny fide disk. 

Venus is brilliant morning 
star, rising 4 hours before the 
Sut and shining briefly at 
magnitude —44, It crosses from, 
Leo into Viego on the 3rd. The 
planet's motion carries it from 
near Beta (8) Virginis on the 
Sth and 6th toa point 1.2 south 


star, Following Venus through a 
telescope reveals its changing 
phase rom a slightly gibbous, 
S-percentlit disk on Nov. 10 
67 percent lit bythe 30th. At the 
same time, the disk shrinks 


from 22" to 17" across ast 


recedes from Earth 

Mars is too close to the San 
for observing this month and is 
fn conjunction with the Sun on 
Now 189 


Martin Ratelife isa 
planetarium professional with 
Evans & Sutherland and enjays 
‘observing from Sat Lake City. 
magnitude Alster Ling, who lives in 

Edmonton, Alberta is a longtime 
watcher ofthe skis. 


of Porrima on the 18th. A eres 
cent Moon hangs near Vers 
on the morning of Nov. 9 
‘Venus stands 5° north of 
Spica, Vrgos 
star, on the 27th, and ends the 


month 4.3" northeast ofthis 
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These stereoscopic images will transport you to the 


surface of the Red Planet. «\ 


HUMANS HAVE LONG 
dreamt of flying to other 
worlds. Two destinations — 
the Moon and Mars — have 
consistently topped the wish 
list, Although we reached the 
Moon ia the second half of 
the 20th century, Mars has 
remained untouched by 
human boots, 
But in the late 20th and 
ly 2st century, NASA 
rovers and probes have 


remotely explored the 
‘martian soll in our 
stead, Thanks to 


Spirit, Opportunity 


Curiosity, and 
Perseverance, which 
have spent the last 
20 years document 
ing the Red Planet in 
eat detail, we now 


have quite an int 
mate picture of Mars, 
NASA newest 
‘Mats explorer, the 
Perseverance rover, 
Jaunched along wit its 
small companion, the 
Ingenuity helicopter, on 
July 30, 2020, and landed 


‘THIS STEREO IMAGE wor 
captured Feb 2,202, during one 
ft fret sl ofthe mision. 
Perseverance landed in the 26-mie 
‘ies erro Crater wien 
Sontsts suspects an ancnt ake 
land iver deta ~a perfect spat to 
Saoking rte pas 


THE INGENUITY 
HELICOPTER ie 
to achive powered, 
‘onanother word Th stereoscape 
fava fers st dee, 
Brotographic look tom beore 
is inaugural ght Ap 1,202 
‘ten Inganuty ook ot bed 
to abouto feet (Sm) above he 
‘ground hoveedin the alr bey 
ompited atu and hen onde. 


oon Mars Feb, 18, 2021. The 
pair made this journey while 
the inhabitants of Earth were 
in the midst of the COVID-19 
pandemic, In this difficult, 
time, when people were forced 
to stay apart, both astrophiles 
and the general public joined 
together to celebrate the and. 
ing ofthis extraordinary craft 


“The new mission promised to 
communicate new discoveries 
from Mars as well as send 
back a wealth of photographic 
material — including stereo: 
scopic images. 


Perseverance has a 
built-in pair of zoomable 


stereoscopic cameras, known, 
as Masteam-Z, on its mast 
‘These provide high-resolution 
color images of the terrain and 
landscape of Mars, Alongside 
them sits another pair of 
cameras designed by the engt- 
neering team at NASA's Jet 
Propulsion Laboratory to help 
navigate the rover from Earth, 
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3. THE MEDIUM OF stereoscopic 
ab lows the viewer fo prea he 
‘arious depth ayers within the scene, 
ere, alge quant frocks of 
fferet shapes and ses extends 


4, THIS FASCINATING 
CLUSTER contains parteulaty 
stvaoth ec hat were most kay 
Sculpted by marian winds and sands 
The tiger rockin the foreground 
harbors cay an op 


5, PERSEVERANCE'S WHEEL 
TRACKS standout nexto tie 
sharp-edged rock The magico! 
Stertoscopy enables uso see Dat 
ths sper stands on a smal mount 
‘verloking an expanse of oc. 


Using two cameras 
‘ously allows us to see Mars in 


three dimensions. Such stereo. 
scopic photography evokes the 
same sensation that a human 
would perceive standing on 
the surface of Mars, 


VIEWING 
3D IMAGES 


PYRAMIDAL ROCK 
almost aleve above the 
tera Leaking at ts shadow 
{especialy 3D gies conirmation 
{hat much ofthe foc actualy 
Suspended over the ground 


7. MARTIAN ROCK SHAPES 
‘requenty resemble strange and 
{ama objects to the human aye 
Ths one parley cal the 

aed ofa dinosaur tha lealy 
setabe june 


8. THIS ROCK LOOKS. 
cut vertaly in al n man 
hat ote wheter he eck ony 
Sper In treo, apparent the 
‘tocstion neal the way tough 
theock, 


‘Humans have the ability to 
seein three dimensions thanks 
to evolution supplying us with 
two eyes. This capability was 
first described by English 
physicist and inventor Charles 
Wheatstone in the 18305; he 
called it stereopsis, fom the 
Greek stereo, meaning “solid.” 
‘Wheatstone pointed aut that 
because each of our eyes sees 
an object from slightly differ 
cent angles, a single image can 
never recreate the sensation of 
‘viewing that object in real ite. 
But by presenting each eye 
with separate images captured 
{rom slightly different points 
‘of view, the illusion of depth 
and tridimensionality ean be 
reproduced in a photograph. 
‘Stereoscopic photography 
{swell suited to astronomical 
photos because it allows us to 
study and analyze a distant 
celestial body as ifseeing it 
with our own eyes. Thus, it 
hhas frequently been part of 
space missions, bringing thelr 
achievements closer to Earth 
in an exciting way. From the 
lunar missions of the 1960s to 
‘more recent endeavors such as 
‘New Horizons and OSIRIS. 
REx — and, in the case ofthe 
latter two, partly thanks to the 
involvement of astronomer 
{and Queen guitarist) Brian 
‘May — various stereoscopic 
‘mages have been shared with 
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ofthe uper pat of Petseverance 
projected ano rocky landscape 
trmstakably shows the shape at 


SMALL D rack 
‘sppears precy balanced an op ot 
big boulder atthe centr ofthis 


the world to positive reception 
from the general public. 


CREATING 
STEREO VIEWS 

‘When the intial photos from 
Perseverance came back to 
Earth, May and his brilliant 


collaborator Claudia Manzoni 


were the first to create ste 
eascopic images from the 
raw data and share them in 
“Stereoscopic Corner," a series 
of posts on the Mastcam-Z 
blog created by Jim Bell, the 
instrument’ principal investi 
gator and a planetary scientist 
at Arizona State University 
‘The first installment 
appeared in March 2021, 
when the world was still, 
locked down. Seeing led me, 
aan amateur stereo photogea- 
pher still improving my skills 
atthe time, to pursue the 
secrets of making perfect ste 
eascopic images from Mars, 
During the challenging 
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1, THIS ROCK'S ROUND shape 
[sa perfect example af the sense 
fultimensionaty that pests 
‘ahen vawing an object In strea 


12, TAKING SAMPLES OF rock 
‘ro hese ofthe Rea Planets 
{ne ofthe twa rman missions fo the 
NSA rover Te te dei hoes where 
Perseverance obtained eames rom 
‘his Yock vette semolane of 
SurpseaTace 


13, THIS ELLIPTICAL ROCK 
Shaws two doops that spt the 
Stone nt thee roughly egal pats 


Limes ofthe pandemic, when 
[found myself confined at 
‘home, [felt motivated to fur- 
ther develop my astronomical 
stereo skills. With unfailing 
support and encouragement 
from May and Manzoni, 1 
practiced until my individual 
work led to an ongoing group 
collaboration for “Stereoscopic 
Corner” in December 2021. 

‘My aim isto share these 
stereo images with a wider 
audience to show Mars from 
‘a more realistic perspective, 
allowing the viewer to virtu- 
ally explore the Red Planet's 
terrain. Here is a selection of 
ry favorite 3D images gener- 
ated from Perseverance data 
‘over the last two years, from, 
landscapes to detailed views 
‘of rocks. The scenes some- 
times recall similar vistas 
from our own planet, but at 
‘other times present us with, 
strange and peculiaely mar- 
tian sights 

‘The photos can be viewed 
in stereoscopic 3D with the 
aid of an OWL Stereoscopic 
‘Viewer by placing it squarely 
‘over each stereo image. The 
Drain, with the aid of the 
two lenses, will fase the two 
images into one beautiful 
sight with a realistic sense 
‘of depth and solidity. » 


‘Mary Friargiw isa young 
storeoscopist from lgesias, on 
the southwest coast of Sardinia, 
‘tay, She would ike to thank 
‘Brian May and Claudia Manzoni 


Twilight's 


wilight isa time when sunlight and Earth’s atmosphere 
intermingle to produce wonderful effects. But with 

the anticipation of setting up equipment and making plans 

for observing, we often forget to watch one of nature’s most, 

beautiful spectacles, the time of transition from our busy day 


into the vibrant night. 


What's more, understanding twilight in its different stages 
helps to define how we see the sky at its best. Whether you're 
an early riser or have stayed up all night, learning the three 
kinds of twilight will ensure you can catch the radiant 


atmospheric light show. 


Scattered light 

Ona clear day the sky can appear an 
intense and beautiful blue. This results 
froma complex interaction of sunlight 
and air molecules. The visible portion of 
the Sun's ight represents only a fraction 
‘of the solar spectrum: With its energetic 


CIVIL TWILIGHT 
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short wavelength, blue light is scattered 
‘more easily by dust and air molecules, 
such as oxygen and nitrogen, than redder 
light. Asa result, the sky looks blue in 
every direction, This effect is known 
as Rayleigh scattering 

However, the bright blue of the 


NAUTICAL TWILIGHT 


daytime sky seems to fade if you look 
toward the horizon, This is because 
you'e looking through mote ofthe 
atmosphere at low altitudes, so sunlight 
travels through more air molecules and 
scatters even more, 

‘As the Sun sets, this scattering effect 
is intensified. Now most ofthe Sun's light 
is traveling through even more of the 
atmosphere and blue 
tered away, leaving the red and orange 
colors, Both the Sun and the horizon 
start to take on a reddish-orange hue. 

There are other effects at play here, 
too, Our atmosphere is made up of layers 


tis further seat 


consisting of different densities and tem: 
peratures. These distort and refract the 

Sun's light unevenly, and can even cause 
the Sun to look flattened as it sets. When 


Astronomers recognize the kinds of wll: hi 
aa and asvenomical ef to rah as Sean tthe 


ASTRONOMICAL TWILIGHT 


oo 


Jupiter 


How a special time of 


night — and morning — 
helps to define astronomy. 


the Sun is just on the horizon, the light 
from its lower limb refracts more 
strongly than the light from the top of 
the Sun, creating the illusion ofa flat 
tened orb. (The same elfect can flaten 
the look of the Full Moon as well.) 

i conditions are just right, a brief 
flash of emerald may appear atthe top 
of the flattened Sun as it sinks below 


the horizon, This occurs because Earth's 


atmosphere acts asa prism, refracting 
the light and splaying out its colors, 
The short wavelengths of violet and 
blue appear slightly above the Sun, 
While red is consigned below the hori 


zon, The momentary green flash can 


result because the human eye is most 
sensitive to green light — but to avoid 
serious harm, be sure ney 


to stare 


directly atthe Sun 


In twilight 
Once the Sun has set, turn and face the 
east to witness one ofthe most beaut 
ful events of twilight. A few minutes 
after the Sun disappears, Earth's shadow 
begins to rise. Each time Earth’s shadow 
ts distinct round shape can 
be seen. Infact, it was through multiple 
lunar eclipse observations that Aristotle 


inferred — more than 2,000 years ago 
— that Earth isa sphere from its alike 
shadow on the Moon, 

Asevening 
pink/red hue becomes visible just above 
Earth’s shadow. Sunlight is still passing 
through the upper atmosphere and 
encounters suspended dust particles and 
water droplets, which scatter the long 
wavelengths of red light. This time is 
referred asthe anti-twili 


progresses, a 


arch or the 


Belt of Venus, It is named so because in 


BY RAYMOND 


DAY/SUNRISE/ 
‘SUNSET 


Twilght i defined mathematically a the Sun's center ta 
ight show to a da 
ner objets wl start appeaing the Nght SH. 


sin the sky mph rom a vir. 
‘hanges signal to setronomers tat 


the past, writers said thatthe belt could 
cause passion and love; the pink and red 
hhues can certainly inspire wonder. 

But twilight is not solely an evening 
phenomenon. It accurs both after the 
Sun sets and before it rises. Infact, 
astronomers recognize three different 
types of twilight: civil, nautical, and 
astronomical. Civil dusk, or evening civil 
twilight, begins when the Sun disappears 
below the western horizon and ends 


‘when the Sun's center is exactly 6° below 


the horizon. Conversely, civil dawn, ot 


HUBINSKI 


FRONOMICAL 
amuichT 


NIGHT 
TIME 


fb varying amounts Below the horizon the 
ky As each typeof twit progresses, hese 


‘morning civil wilight, tarts when the 
Sun's center is exactly 6" helow the eas 
exn horizon, Because these precise 
moments can't be defined based solely 
oon observations, they are calculated 
mathematically 

Civil dusk and civil dawn are mean 
ingful for several reasons. Both these 
periods have not only astronomical but 
also cultural and rel nificance. 
Judaism provides a striking exampl 
The Sabbath begins at sundown when 


candles are lit and services start, This 
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Botolgeuse 


TWILIGHT'S LIGHT SHOW 


[spectacle of sparing stars and shining 
Donets dancein hes of yellow, range or 
Buea eating a panting made by nature 
{rg the ransion wom etwlight to nautes! 
‘wight sua 


tradition stems from the book of 
Genesis, wherein the ereation story can 
be translated to, “There was evening 
and there was morning. 

In the evening, nautical twilight starts 
‘once civil twilight ends, and it cul 


when the Sun is 12° below the horizon, 
nautical dawn, or morning, 
‘nautical twilight, begins when the Sun 
lies 12" below the eastern horizon. The 
term nautical arises because long ago, 
sailors out at sea depended on stars for 
navigation. 

Evening astronomical twilight begins 
‘once the Sun's center ig 12° below the 
horizon, For most people, this period 
appears like night, From a good site, the 
sky looks dark and full of stars. So, you 
‘might ask, ifthe sky appears so dark, 
why bother defining ths last period of 
twilight? During astronomical twilight, 
Earth’s atmosphere can refract sunlight, 
scattering some skyward, But when the 
Sun reaches 18° below the horizon, the 
sky is truly dark. We're immersed in 
pure night. Faint astronomical objects 
are visible in all their glory. Later, when 
the Sun reaches 18* below the eastern 


Converse 
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Pleiades 
Venus 


horizon, astronomical dawn begins and 
the truly dark sky begins to disappear. 
‘The three types of twilight are 
defined through mathematical equa 
tons relating to the position of the Sun, 
‘Their timing and duration can vary 
greatly depending on two main factors: 
Where you are on Earth and the time 
of year, which is directly related to the 
Sun's position on the ecliptic (the orbital 
plane of Earth around the Sun). The 
ecliptic is tipped 234 with respect to 
the celestial equator (the same plane as 


the equator on Earth). Depending on 
the date and the observers latitude, the 


Sun may appear to set ata steep or a 
shallow angle relative to the horizon, 
For example, at Farth’s equator, the Sun 
always rises roughly due east and sets 
roughly due west, and is directly over 
hhead (90° high) at midday. Because the 
Sun sets and rises perpendicular to the 
horizon atthe equator, civil twilight 
lasts only about 24 minutes each day 

of the year 


In other locations, the angle at which 


the Sun slides below the horizon increases 
or decreases depending on the season, 
‘The summer solstice twilight lasts longer 
u 

Closer to the North and South poles, twi- 
light is affected even more. The Arctic 
and Antarctic circles experience a period 
of prolonged twilight, sometimes lasting 
weeks. At latitude 68° north or south, 
depending on the season, the Sun may 
not rise of seta all, 


nthe twilight atthe winter solstice 


‘Treasuring twilight 
Poets, painters, and photographers have 
long treasured the mellow light of tw 
light, when the sky softens and deepens 
into a glow, or gently brightens as sunrise 
approaches. 

Howard Washington Thurn 
prominent author and philosopher, 
wrote oft 
When nature changes her guard, Al iv 
ing things would fade and die from too 
much light or too much dark, if twilight 


ht as “a time of pause 


Raymond Shubinskl is 2 longtime 
contributing editor of Astronomy magazine 
who foves recovering the lost ephomora of 
astronomy. 
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At last! The stunning 5th edition 


Terence Dickinson’s 


NIGHT WATCH Siena 


\ en GTIEATGUIDERO VIEW IN Tu? UxIVERGE 


This expanded and 

completely updated new 

edition (co-authored by 

Ken Hewitt-White) goes 

deep into the 21st century, 

with: 

* an all-season guide 

to the night sky 

20 carefully upgraded 

NSON with KEN HEWET WHITE sky charts, good 

to 2035 

208 pages in full color - lay-flat binding * tips on buying and 
packed with useful tips using binoculars, 
telescopes, cameras 
The most useful, valuable — + how to assess and buy 
anddesiredcompanionto , ee mem temvews 


astronomy, inits first major telescope 
solar and lunar eclipses 


revision since 2006— and _—« photographing the night 
sky 
* and much more. 


worth the wait! 


At bookstores, telescope shops and online. Published by FIREFLY Books 
‘www fireflybooks.com 
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When it comes to telescopes, you get what you 
pay for. PHOTOGRAPHS AND TEXT BY KEN WILSON 


TELESCOPE 


‘THE BOX SAID “TELESCOPE.” The 
price tag said $15." There was a whole 
pallet of them neatly stacked atthe back 
‘of my local Five Below store. “Must bea 
toy” I thought, Except the box said "This 
is nota toy” Oddly, the package sported 
no brand name, not even a pseudo-bra 
like Big Bang Hubble, J. Just “Telescope” 
“AI” thought. “Must be another one 
‘of those terrible telescopes that kills 
someone's interest in the hobby and 
winds up gathering dustin a closet.” 
My next thought was, “How bad could 
it really be?” [bought one to find out, 


4 one othe main problems with this 
telescope was the lack of nmuth motion 


‘The specs on the packaging were 
promising. There was no high-power 
hype. Just 20x and 66x. The diameter 
(60mm) and focal length (400mm) were 
clearly labeled. The box photo of the 
scope showed a finder scope, star diago- 
nal, and cellphone holder. There was even 
1 prominent label warning against look- 
ing atthe Sun through the telescope, 

“Another good sign was lack of the 
‘usual color images of galaxies and nebu- 
Jae implying vistas as good as the Hubble. 
Instead, there were just a couple of Moon 
images and a bied photo, There were also 
three line drawings the Big Dipper, 
Saturn over a mountain, and a cow flying 
past the Moon! 


The scope itself 
Inside the box, [ound a well-packed tube 
assembly, a tabletop tripad, instructions, 
and a plastic bag of parts that included 
the finder scope and two eyepieces 
enclosed in protective plastic capsules, 
Both eyepieces have nonstandard, 0.93- 
inch (23.6 millimeters) diameters and are 
sade of plastic, The eyepieces are ancient 
Huygenian designs with inherent nar. 
row lields and chromatic aberration, an 


4) tha telescope the author vowed seemed 
‘hea del aS 


‘optical problem where re light and blue 
light don’t focus atthe same place 

“Assembly was quick and straightfor 
ward, but it immediately revealed a fatal 
flaw, Even a novice stargazer (and cer- 
tainly a telescope designer) knows that a 
telescope mount needs to move in two 
perpendicular directions to aim at eels: 
tial objects. Simple telescope mountings 
‘move the tube up and down (in altitude) 
and back and forth parallel tothe horizon 
(én azimuth). This scope has only the alti- 
tude motion! 

‘The tube attaches tothe triped via a 
plastic pivot hinge. A metal bot passes 
through holes inthe hinge and a hex nut 
secures the tube to the tripod. The bolt 
and nut provide adjustable friction for the 
altitude motion. Unfortunately, the only 
Way to adjust the friction is with 
an included metal wrench. It would 
have been better to use a wing aut ora 
threaded clamping knob. 

Cumbersome as the altitude adjust 
ment is, the lack of azimuth adjustment 
isa deal-kller. The only way to aim the 


telescope in azimuth isto skitter the 
‘whole tripod around on the surface it sts 
‘on, This flaw miakes the telescope almost 
{impossible to aim at an object, much less 
‘rack it. This also restrits the altitude 
range when the tube is attached in one of 
‘wo possible configurations. One position 
places the tube directly over one of the 
{ipod legs, which limits tilt — the tube 
cean only reach about 45° in altitude 
before it hits the leg. Should you attach 
the tube 180° around to clear the leg, 
youll find that you can't use the cell- 
phone attachment. Ifyou do so, the 
‘mount balance shifts so much that the 
tripod topples over! 

‘Another huge flaw isthe finder scope. 
A finder is supposed to have a wide field 
‘of view (between 5° and 8") to help aim 
the main scope, Finders also usually have 
crosshairs in them to let the observer 
‘center on the target object. This finder 
hhas no crosshairs. Furthermore, its field 
of view is only about 2% and its 13 mim 
“objective (good finders have 50 mm 
objectives) gathers very little light. Worst 
‘of all, this finder has no way to adjust 
its alignment with the main telescope. 
‘That makes it all but useless 


Under the sky 
Without a usable finder or a 
‘proper mount, testing the 
lelescope optics proved a 
real challenge. I wound 
up making a bracket to 
altach just the tube toa 
‘eamera tripod that had 
both altitude and azimuth eon: 
trols so I could aim it Sighting along the 
main tube and using the lowest-power 
(20x) eyepiece, Iwas eventual able to 
view a few bright celestial objects 

‘My fest target was the Moon. I wasn't 
surprised to see that it had pronounced 
colors along its edges — a tlitale sign of 
chromatic aberration, the bane of cheap 
refractors. Nonetheless, it was fairly easy 
to find the Moon. Although the power 
was low, the broad lunar features were 
visible could even see a few ofthe larger 
craters. Unfortunately, I noticed a lt of 
glare. Closer inspection ofthe interior of 
the telescope and eyepiece tubes revealed 
that both had shiny, metallic interiors! A 
few cents’ worth of flat black paint would 
have gone along way to killing the inter- 
nal reflections. 


this tetescop: 
sssembling twa 


3s made so few pats that 


Next, I aimed at Jupiter. I could see 
the four largest moons but no detail on 
the planet's disk. My next target, Saturn, 
was disappointing. Neither eyepiece 
resolved its rings, AllT could make out 
‘was a football-shaped blob. 

Teould plainly see the Orion Nebula 
(042) but any detail was washed out by 
the scattered light. The Pleiades (M45) fit 
nicely in the 20 eyepiece's field, but each. 

slar was a miniature rainbow instead 
‘of a pinpoint, 


Lastly. 
tried out the cellphone 
adapter. I fits over the 
eyepiece holder and 
allows you to take 
pictures through the 
{elescope. Aligning 
Ato the eyepiece 

took some fiddling. 
Eventually Iwas able 
to snap pictures ofthe 
‘Moon and the twa 
planets. It wasn't easy’ 
because the adapter 


> the assembled scope 
was smal ight and 
Seen useless, 


‘ing uses friction to secure it on the eye 
piece holder, and that wast always 
‘enough to keep my phone in place as 
aimed the telescope. 

‘Alas, like so many cheap telescopes, 
this one cannot be recommended. The 
plastic optics are poor, and the mount 
and finder scope are useless. On second 
thought, can think of one use for this 
telescope. I'you teach a “how to buy a 
telescope” class, this toy is an excellent 
‘example of what not to buy and why. 


Ken Wilson isa retied planetarium 


director who has been toying with 
telescopes since 1968, 
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Heroic treasures 


See a Demon Star and other epic night sky sights. 


umera igh tars 
nd luster ow 


By PHIL 
HARRINGTON 
Phi coved the 
Water Soot Houston 
‘vara Stlitons 
2018 for his tong 
rk prometing and 
teaching astronomy. 


Perseus 
the Greek 
ythological 


hero, is probably best 
known to amateur 
astronomers as the 
home of the beautifl 
Double Cluster, NGC. 
S69/and NGC8S4, The 
pairisstriking through 
all binoculars and is 
albvays a frst stop for 
me whenever I head 
‘out this time of year. 
How Charles Messier 


could have missed 
them, and yetinchuded 
some far greater chal- 
lengesin his catalog, 
beyond me. 

But there is more to 
‘enjoy within the lis 
of Perseus than just the 
Double Cluster. This 
month, let's explore 
three other targets that 

Ourfirststopishid 
ing in plain sight 
Focus on 2nd- 
magnitude yellow 
supergiant Mirfak 
(Alpha [al Perse) the 
constellation’ bright- 
est star, and let your 
eyes wander around 
the field. See all those 
other stars? Many of 
them belong to open 
cluster Melotte 20, an 
entry in the catalog of 
24S star clusters (anda 
few renegades) published by British astronomer 
Philibert Jacques Melotte in 1915. Melotte 20, better 
known asthe Alpha Persei Moving Cluster, is made up 
(fF about 50 stars although some sources cite 10 times 
that many), including Delta (6), Sigma (o}, and Psi (y) 
Perse. The cluster’ center lies south of Mirfak and 
spansan incredible 35° of sky. 

Looking slightly east of Mirfak, the tars afthecuster 
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seem to wander tothe southeast, then back toward the 
‘west, and finally eastward again toward Sigma, Pst, and 
Delta. Garrett Serviss commented on this in his 1888 
bookAstronomy With an Opert-Glass: "The field about 
Alpha is one ofthe finest in the sky for an opera 

Stars are] conspicuously arranged incurvinglines and 
streams. A os follows Alpha from the east and south, 

‘They are grouped, asit were, behind theirleaden” 

As we enjoy the star scattered viewaround Mirfak, a 
demon sits nearby. Algol (Beta [ Perse) was nick 
‘named the Demon Star by the ancients because they 
imagined itas the evil eyeof Medusa the Gorgon. While 
other stars shine steadily, Algo appeared tobe winking 
Of course, today we understand that the winks are not 
dducto some supernatural force, butrather re caused by 
Algol’: binary nature. Algolis the best-known eclipsing 
binary star in the northern sky. While it usually shines 
steadily at magnitude 21, dips to magnitude 3.4 for 
about 10hours every 2.87 days. That's when the ystems 
type primary staris partially eclipsed by afainter type 
G companion, as een from Earth. 

Watching Algol “wink” through binoculars sa fan 
‘way to show that we live in a dynamic universe, First, 
you'll need a chart to compareits appearance to nearby. 
sars that dont change in brightness, You'l finda good 
fone at woewlreestarcharts.com/algal 

‘Next, you need toknow when to look. Atlower left is 
the timetable for Algol’s minima visibility at night from 
North America aver the next month and a half Note that 
these times mark the midpoint ofthe 10-hour eclipse. 

‘Messier may have missed the Double Cluster, but he 
did include another striking Perseus target that we can 
enjoy through our binoculars. He saw'it in August 1764 
M34 is nestled 5° northwest of Algol and 7° east of 
‘Almach (Gamma ly] Andromedae). It lies about 1,500 
light-years away and is a magnificent binocular target 
indeed. You can't missit 

(MBM spans half a degree of sky, the same asthe Full 
Moon. Sixty stars, most shining between 7th and 13th 
magnitude, lie within, Through my 10x50, I count 
‘dozen points bathed inthe misty glow of fainter, unre 
solved stars. A tight knot of suns highlights the cluster’ 

Giant binoculars add to M's beauty. In their book, 
Sky Vistas (Springer 2004), authors Craig Crossen and 
Gerald Rhemann described the cluster stars a forming, 

' partial ellipse, open to the east-southeast .. The 
ellipse is enclosed by a large box’ of ahouta dozen mag. 
nitude 75-10 stars” 

‘Questions, comments, suggestions? Dropme aline via 
sy website, philharrington net, Until wemet again next 
‘month, remember tht two eyes are beter than one. 
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Fredericton 


CAPITAL REGION 
Fredericton, New Brunswick, Canada is one of the best locations in the world to view 


the total solar eclipse on April 8, 2024! We are celebrating with @ 3-day event featuring 
public viewings, exhibits, storytelling, music, theatre and more! 


Don’t miss this once-in-a-lifetime experience! 


www.FrederictonCapitalRegion.ca LIFE WELL CRAFTED 


FIND YOUR PERFE 


SOLAR SNAP 4 


+ CEand SO certified 
+ Available in bulk quantities 


Safely view a solar eclipse with Solar Eclipse Viewers. You'll find lightweight simple glasses 
for kids to heavy-duty wrap around glasses for adults. There's a perfect fit for everyone! 
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ial OBSERVING BASICS 


Coming to terms 


Learning astrophotography requires a bit of jargon. 
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‘BY MOLLY WAKELING 
Moly is an avid 
astrophotographer 
‘ete in STEM 
tuteech Sha is 
pursuing ar Ph. 
clear engineering 


>) ‘When you're starting out in astrophotography, 
the myriad technical terms ean be daunting, 
Gain Offset? Flat darks — or i it dark flats? 
Le’sclear up some common areas of confusion, 

‘Well start with gain, Setting the gain value affectsa 
camera’ electronic gain, which s reported in electrons 
per analog-to-digital unit, ore /ADU.A common beliet 
is that adjusting the gain changes the sensitivity ofthe 
camera. However, t's more accurate to say that it 
changes the way the camera quantizes light as it con 
verts photons intoa digital signal 

‘A camera sensor converts photons to electrons, 
Which are then collected and read out atthe end of the 
exposure, The amount of charge is converted to digital 
tants of pixel brightness, fom black to white. Thescale 
depends on the eamera’s bit depth: A 12-bit sensor has 
a range of 0 104,095 ADU, while a 16-bit sensor has a 
range of 010 65,535 ADU. Shooting at unity gain means 
electron = | ADU, At low gain, it will take multiple 
electrons toadd 1 ADU to. pixel'stotal count. At high 
gain, each electran adds multiple ADU to that pixel 

Avhigher gain reduces the well depth, or how many 
electrons it takes to saturate the pixel. This gives the 
appearance of higher sensitivity and allows fr shorter 
exposures at the expense of dynamic range — the range 
of rightness values the camera can record ina single shot. 
Lower gain allows you to use the fall well depth of the 
pixel, making smaller gradations between brightness 
valuesand thusincreasing contrast and dynamic range; 
however, you lose signal when not enough electrons 
accumulate to step one whole ADU, If youre not sure 
hereto start, unity gain isa good compromise 

(Offset isthe amount of charge thats preloaded into 


the pixels to prevent them from reporting zero. This 
avoids losing any small amount of signal. There is not 
necessarily an optimum offset, but you do need ta 
determine how large an offset is sufficient. At your 

camera’ shortest expo- 
sure setting and while 
covered, adjust the affet 
until the histogram 
curve separates from the 
left edge of the histo 
gram, indicating that no 
pisels are reporting zero, 

Dark calibration 
images help reduce the 
nolsethat accumulates from heat and electronics during, 
a long exposure, This can't remove the random shot 
noise — the statistical noise inherent to capturing low 
numbers of photons, But it can reduce fixed-pattern 
noise (caused by variations in pixel response, leading 
some pixels consistently read brighter or dimmer) and 
hot pixels (defective pixels that read much too bright). 

‘To create a master dark, cover the camera and take at 
least 10 shots with the same exposure time, camers tem- 
perature, gain, and offetas your light frames. Thecamera 
does not need to be on the telescope. | usually take 500 
100 darks for better statistics, as you wil be averaging 
(stacking) the frames to create a master dark. I keep a 
darks library fr diferent temperaturesand settings. (Bias 
framesatenolongernecessay for tday’smoder CMOS, 
cameras, and ctn actually cause problems instead) 

Flat frames correct for vignetting (darkening of the 
corners) and dust spots. These don't need to be taken at 
the same temperature nor exposure time as your light 
frames, but they do need to heat the samegain and offset, 
and the camera must he on the telescope in the same 
prientation and focus. A properly exposed flat image 
should have the histogram peak roughly centered. For 
color cameras itcanbe difficult to getallthree red, green, 
and blue peaks in the center; just make sure they are not 
falling off the left or right sides of the graph. Adjust the 
exposure time to change the histogram peaklocation 

lat darks are dark frames for your flats — just like 
yourusea master dark tocabbrate your lights. These are 
rot always necessary, but if you experience problems 
with flats appearing 1oovercorrect your lights try cal 
boating your flats with flat darks. These, like dark 
frames, canbe taken a the telescope if necessary, and 
should be around the same temperature and have the 
same exposure time asthe flats 

‘Now that you are armed with knowledge of common 
astrophotography camera terms, you are ready to take 
great astrophotos. Bring on the photons!» 
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Leading the way with 
strain-wave-gear tech. 
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Dual alt-az/EQ Mount 


starting at 
$1998.00 


eq mounts. 3 models HAE29, 
HAE43 and HAE69 all available 
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HEM15 


rid GoTe Mount 
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JOURNEY TO ALASKA WITH 
ASTRONOMER BOB BERMAN 
st \T MOUNTAIN TOP RIDE 
STAR PARTY WITH BOB NORTHERN LIGHTS 
RIDE THE ALASKA RAILROAD CHENAHOT SPRINGS 
‘AND MUCH MORE... 
WWW.SPECIALINTERESTTOURS.COM 
845.202.3327 


| ASK ASTRO Astronomy’: experts trom around the glabe answer your cosmic questions. 


‘particle coliders 
She tme Large Hadron 
Calidarerearchers 
{apint Ente: 
equatons inthe 
‘Born fr dark mater 
parles sone 


Matter and 
energy 


DOES EINSTEIN'S EQUIVALENCE 

OF MATTER AND ENERGY, E = MC#, 
HOLD TRUE FOR DARK MATTER AND 
DARK ENERGY? 


Gary George 
cincinnati OMe 


A ‘Yes — in short, thisis true forall farms of matter 
and energy, including dark matter and dark 
‘energy: But there are some important details to consider, 
E=mc'isaspecial case the fullequation E= (me) 
+ (po). The term pe represents the kinetic energy of an 
object, which means the familiar E= meisonly exactly 
tue for objects at rest or in the same rest frame, where 
the momentum piszero. That's why themass() inthe 
equation is also referred toas rest mass. 

Usually the part ofthe equation containing the rest 
‘mass is much largerthan the kinetic energy. Then E= me! 
‘sagood approximation fr everything that doesnt move 
ata significant fraction ofthe speed alight, And speak 
{ng of light, photons (the particles of light and electro- 
‘magnetism) are the other extreme ofthe full equation 
‘They have no rest mass (60 that term becomes ze) but 
they still have momentum and thus energy 

"The fact that kinetic energy is also part ofthe total 
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‘energy of particles is exploited by 
tists at particle accelerators like the Large 
Hadron Collider at CERN, By accelerat 
ing particles to nearly light-speed, new 
particlescanbecreatedin head-on colli. 
Sons that haveeven more rest massthan 
the original ones, Researchers use this 
method to search for dark matter parti 
clesby trying to create dark matter from 
the mass and energy of other particles, 
“The equation even holds true for dark 
‘energy. The simplest way to understand 
dark energy is asthe energy held by the 
‘vacuum of space itself, So, even in the 
most perfect vacuum without a single 
particle of matter, there is some tiny 
amount of energy. For example, the dark 
‘energy content fora sphere enclosed by 
the Moon's orbit would only equate toa 
‘mass of about 3 pounds (14 kilograms), 
which i easily overshadowed by pretty 
much everything else within that vol 
ume. However, as the universe is mostly a lot of empty 
space, this tiny amount of energy held bythe vacuum of 
space amounts tothe majority ofthe total energy content 
inthe universe. Dueto the odd properties ofdarkenergy, 
the gravitational pull generated by its mass equivalent 
cally vercome by its negative pressure, which isthe force 
driving the accelerated expansion of the univers. 
‘Christoph Saulder 
Cosmolopis, Korea Astronany and Space Sconce Init, 
Das)on, South Kora 


| DOES GRAVITATIONAL ATTRACTION 
| TRAVEL THROUGH SPACE 
AT A MEASURABLE RATE, OR IS IT 


INSTANTANEOUS? 
Thomas L. Richie 


Dy tess Seren ee ot gay: te 

srtviational saci betwen two abject 
proportional tothe rocket ferme vided bythe 
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Charactssis felt objects inching theca 
of planets around the Sun. These orbital predictions 
tnliced obutrontians pricy which led uso beleve 
for centre tht gravity traveled instantaneously 

‘All ths changed atthe tart ofthe 20th century with 
Eatin’ theory opti ctv which ae a he 
dlstancesbebeen objectsand the pong oft depend 
tthe pative roto of un cere, Thassinconltent 
with Newt's gwitatal ln andthe chsered orbits 


‘ofthe planes. This led Einstein to develop general relat 
ity, which describes both relativistic motion and gravity. 
In general relativity, gravity travels atthe speed of light 
instead of instantaneously. Once relativistic effects are 
accounted for, general relativity also accurately predicts 
the orbits of planets around the Sun, 

Einstein published the general theory of relativity in 
toSandsince then, ithasspectacularly passed every test 
webave throwin atit The simplest and most convincing 
‘observation that gravity travels atthe speed flight came 
in 2017, when both gravitational waves and light were 
‘observed from a merger of two neutron stars. Despite 
traveling more than 100 mullion light-years, the ta 
signals arrived at Farth only 1.7 seconds apart! This 
ricans the speed of light and the speed of gravity differ 
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